Two subspecies of the yellow-cheeked pocket gopher, Pappogeomys castanops, were recognized by Russell (1968) as occurring on the High Plains of Texas. Pappogeomys castanops perplanus originally was described by Nelson and Goldman (1934) based on material from Tascosa, Oldham Co., Texas, and included specimens from the panhandle of Oklahoma, eastern New Mexico, and western Texas. Russell (1968) described P. c. simulans from 17 mi SE Washburn, Armstrong Co., Texas. Both perplanus and simulans apparently occupy broad areas of the Llano Estacado of Texas and New Mexico and are in contact along a zone in West Texas.
Because the physiography and environmental conditions of the Llano Estacado are relatively homogeneous, we undertook a study of P. castanops in this area to elucidate morphological variation in these populations. Our first objective was to provide a detailed analysis of nongeographic and geographic variation. These results were used to clarify the taxonomic status of the nominal taxa in that region.
standard statistics (mean, range, standard deviation, standard error, and coefficient of variation), and utilizes a single-classification analysis of variance (F-test, .05 level of significance) in comparing means of two or more groups (Sakal and Rohlf 1969) . When significantly different, means were arranged in maximally nonsignificant subsets using the Sums of Squares Simultaneous Testing Procedure (SS-STP) of Gabriel (1964) .
Multivariate analyses were performed using both the NT-SYS programs (Rohlf and Kishpaugh 1972) and Statistical Analysis System (SAS) developed by Barr and Goodnight (Service 1972) . Matrices of correlation and phenetic distance coefficients were derived from standardized character values. NT-SYS was used to perform cluster analyses of the correlation and distance matrices by means of the unweighted pair-group method using arithmetic averages (UPGMA), and phenograms were generated. Matrices and phenograms were compared and a coefficient of cophenetic correlation was computed for each. A matrix of correlation among characters was calculated and the first three principal components were extracted.
To determine the degree of divergence among samples, a multivariate analysis of variance (MANOVA) and canonical analysis programs of SAS were used. Canonical analysis provides weighted combinations of characters, which maximize distinctions between groups. The program extracts characteristic roots and vectors and computes mean canonical variates for each sample. New orthogonal axes (canonical variates) are constructed to extract the next best combination of measurements, and to emphasize those measurements with the least within-sample and the greatest between-sample variation. Each eigenvalue and its canonical variate (characteristic root) represent an identifiable part of the total variation. Means of samples were plotted on the two canonical variates, which account for the greatest percentages of the total variation. The relative importance of each character to a particular canonical variate was determined by multiplying the variable coefficient for a vector by the median value of the dependent variable, summing all variable values for a vector, and computing the percent relative importance of each variable for a particular vector. Analysis utilizing these methods was used in similar studies by Schmidly and Hendricks (1976) and Yates and Schmidly (1977) . NONGEOGRAPHIC VARIATION. Variation with age.-Samples of 71 females and 56 males from Lubbock Co., Texas, were selected for analysis of age variation (selected measurements given in Table 1 ). No juveniles were represented in this sample. All external and cranial measurements tested for both sexes showed significant differences among young, subadults, and adults. Results of SS-STP in the samples of both females and males revealed three nonoverlapping subsets for all characters except length of tail and length of hind foot. Length of tail in both sexes formed two nonoverlapping subsets, one consisting of adults and subadults and a second of young. Length of hind foot in both sexes formed two over- lapping subsets, one consisting of adults and subadults and a second of subadults and young.
Secondary sexual variation.-The sample of adult males and females (selected measurements given in Table 1 ) from Lubbock County was tested to determine if significant secondary sexual dimorphism was present. Male P. castanops were found to be significantly larger than females in all 13 measurements. This agrees with findings by Russell (1968) for the subgenus Cratogeomys. Based on these data, all analyses of geographic variation were conducted separately by sex.
Individual variation.-Coefficients of variation (see Table 1 ) for the sample of female P. castanops from Lubbock Co., Texas, ranged from 3.20 (squamosal breadth) to 7.65 (length of tail). In addition to length of tail, one other external measurement (length of hind foot) and one cranial measurement (length of nasals) had coefficients of variation greater than 5.
Coefficients of variation' for males from Lubbock County ranged from 4.25 (breadth of braincase) to 8.49 (length of tail). Only three (condylobasal length, breadth of braincase, and alveolar length of maxillary toothrow) of 13 measurements had coefficients of variation of less than 5. For both sexes, coefficients of variation for all char-acters except one (length of tail in males) fell between 2 and 8, the range of variation suggested by Long (1968) as typical for mammals in general. Coefficients of variation did, however, average higher than those given for Geomys bursarius (Hendricksen 1973 ) and coefficients of variation determined for condylobasal length in females (3.55) and males (4.91) in this study were somewhat higher than those for the same measurement in female (2.35) and male (3.41) Pappogeomys merriami (Russell 1968) .
Coefficients of variation for male P. castanops were higher than those for females in all 13 measurements. Greater variability in males previously has been documented for Pappogeomys (Russell 1968) and Geomys (Hendricksen 1973) . Because of greater variability in males, we have placed emphasis on data for females in our interpretation of subspecific relationships, although data on males are shown for comparison.
GEOGRAPHIC VARIATION. Specimens of Pappogeomys castanops were grouped into 12 samples for analysis of geographic variation. Samples were collected from localities approximating four westto-east and three north-to-south transects (see Figs. 1 , 2, and 3). Populations of P. castanops could not, however, be located in northern Curry Co., New Mexico (in the northwestern portion of the Llano Estacado), or from Ector Co., Texas (in the southernmost portion). Standard statistics for measurements of specimens from all samples are given in Table 2. UNIVARIATE ANALYSIS. External measurements.-Means for total length in female P. castanops were arranged in three overlapping subsets as follows: the first, samples 1, 2, 4, 7, 8, 10, and 11; second, all samples except the largest (10) and smallest (12); third, all samples except 10 and 11. Total length in males was less variable, with means falling out in only two nonsignificant subsets, each containing all samples but the extremes-3 and 10. Means for length of tail showed no significant differences in males, but fell into three overlapping subsets for females as follows: first, all samples but 2, 7, and 12; second, lacking only 7, 10, and 12; third, all but the two largest, 8 and 10. Sample 12 was again among the smallest means for length of tail. Length of hind foot was the most variable of external measurements with means for males falling into three subsets and those for females falling into five. Subsets for both males and females were broadly overlapping. Means for females from areas 10 and 11 were largest, and those from areas 9 and 12 were smallest (see Table 2 ).
Cranial measurements.-Variation in condylobasal length in females is shown in Figs. 1 and 2 . A general increase in size from north to south is apparent in Fig. 1B -C except that sample 12 is unusually small. There is a step in the cline between the northernmost samples, 1 and 2, and the adjacent samples, 4 and 5. How- ever, sample 1 is smaller than the adjacent sample (4), whereas sample 2 averages larger than sample 5. West-east variation (Fig.  3A-C) shows a step in the cline between western (3, 6, 9) and central samples (4, 7, 10) , which are slightly larger in size. Two of the eastern samples (5, 11) are smaller in size than their respective central samples, but sample 8 averages 0.1 mm larger than sample 7 to the west. The SS-STP for females yielded four overlapping subsets. Means for males were arranged in three subsets.
Means for zygomatic breadth in females were arranged in three overlapping nonsignificant subsets. The first subset contained all samples but the three smallest (9, 6, and 12); the second, all but the two largest (4 and 8) and the smallest (12); the third, only the five smallest means. No significant differences were found between samples for zygomatic breadth in males. The four western samples (1, 3, 6, and 9) were among the smallest in zygomatic breadth for both sexes.
Means for palatofrontal depth fell into four and three broadly overlapping nonsignificant subsets in females and males, respectively. Sample 10 had the largest mean in females and sample 12 again had the smallest; however, means for these two samples for males were rather close and both fell into the first nonsignificant subset. Western samples (1, 3, 6 , and 9) and one eastern sample (5) were among the smallest in both females and males. Length of palate in females exhibited a pattern of variation similar to that for palatofrontal depth. Little variation was evident for length of palate in males, with means arranged in two broadly overlapping subsets.
Means for length of nasals formed five overlapping, nonsignificant subsets in females, with eastern samples having the largest means and western samples having the smallest. Nasals in females were shortest in individuals from sample 12. Means for length of nasals in males formed three overlapping subsets, the first consisting of all but the western samples (1, 3, 6, and 9) , the second having all but the largest (8) and the smallest (9), and the third having all but 8 and 11.
Means for breadth of braincase in females fell into two overlapping subsets with the only samples in common being 1, 4, 5, and 7. Again, west-east division was evident, and sample 12 yielded the smallest mean. Breadth of braincase in males formed three nonsignificant subsets in which means for western samples again were the smallest. Sample 12, with a mean of 23.9, was among the four largest in males. Variation in squamosal breadth for females is shown in Figs. 1  and 2 . The western samples (1, 3, 6, 9) in the north-south transects (Fig. 1D) reveal very little variation. In the other two north-south (Figs. 1E-F) transects, squamosal breadth appears to become broader in southern populations, with the exception of sample 12 in which individuals have unusually narrow squamosal regions. West-east variation (Figs. 2D-F) in squamosal breadth is similar to that shown for condylobasal length, with an increase in size between 3 and 4, 6 and 7, and 9 and 10. However, the step in the cline is not as steep as was shown in condylobasal length.The SS-STP for both females and males yielded three overlapping nonsignificant subsets, though the mean for sample 12 in males was among the four largest, whereas in females it was among the smallest.
Means for breadth of rostrum in females fell into five nonsignificant subsets. Individuals from samples 2, 10, and 8 had the longest rostra, whereas those from samples 9, 12, and 6 had the shortest. Means for males formed three nonsignificant subsets almost identical to those for length of nasals.
Alveolar length of maxillary toothrow exhibited little geographic variation. Means for both females and males fell into two nonsignificant subsets. The first subset contained all samples but 12 for both sexes. The second subset contained all but samples 4, 7, and 10 for females and all but sample 11 for males. MULTIVARIATE ANALYSES. Means for three external and 10 cranial measurements were used for multivariate analyses. Distance and correlation phenograms were generated using the NT-SYS program for samples of both male and female P. castanops. Samples in the distance phenogram for females are divided into two clusters (one cluster, 1, 3, 5, 6, 8, and 12 ; the other 2, 4, 7, 8, 10, and 11). The first cluster is further subdivided into one subcluster of samples 1, 3, and 5, and the other the remaining samples. The second major cluster is divided into three subclusters, the first and third consisting only of samples 2 and 10, respectively, and the second with the remainder of the samples.
The distance phenogram for males is also divided into two clusters. The first cluster differs from that in females only in the absence of sample 12. Sample 9 was separated from the other samples in this cluster. The second cluster was subdivided into samples 2, 4, 10, and 12, and samples 7, 8, and 11.
Distance coefficients between adjacent samples are shown in Fig.  3 . Those for females ranged from 0.578 between samples 1 and 3 to 2.931 between samples 10 and 12. Distance coefficients greater than 1.00 were found between 11 sets of samples and coefficients greater than 2.00 in three sets of samples (9 and 10, 10 and 12, and 11 and 12). Samples of males had distance coefficients greater than 1.00 in 15 sets of samples and coefficients greater than 2.00 in two sets (7 and 9, and 9 and 10).
Three dimensional projections of the first three principal components for samples of females and males are shown in Fig. 4 . The amount of phenetic variation expressed for females and males, respectively, was 75.3 and 76.5 percent for the first eigenvector, 7.7 and 8.1 for the second, and 5.9 and 6.4 for the third. Total variation expressed was 88.9 percent for females and 91.0 percent for males. Table 3 shows the results of factor analysis. The first principal component appears to be influenced greatly by total length and all era- nial measurements except alveolar length of maxillary toothrow. The second component is influenced most highly by length of tail; the third by alveolar length of maxillary toothrow and length of hind foot in males and squamosal breadth in females.
Samples represented by small individuals fallout to the left side of the projection (Fig. 4) and samples consisting of larger individuals are spread across the diagram. Samples 4, 7, 8, and 11 in females and 2, 7, 8, and 10 in males appear to be closely grouped along the first vector, but separated along the second vector. Sample 12 is widely separated from samples 10 and 11, and quite closely associated with samples 6 and 9 in females, whereas in males sample 12 falls between 9 and 6 to the left and 10 and 11 to the right. No distinct groupings of samples are evident.
To determine if weighting of characters could be used to group samples, canonical analyses were conducted. The projection of the first two canonical vectors showing phenetic position of samples of female P. castanops is shown in Fig. 5 . The projection for males was similar to that for females and is not figured. The two vectors represent a total percentage of variation for females and males of 56.15 and 59.97, respectively. In neither females nor males does anyone sample or group of samples fallout as a distinctly separate group. The least amount of overlap between adjacent samples of females on the projection occurs between samples 9 and 12. Groupings of samples 2, 7, 10, and 11, and 1, 3, 4, 5, 6, and 12 influence for samples of males was in squamosal breadth, zygomatic breadth, and breadth of braincase in vector I and length of rostrum, condylobasallength, and squamosal breadth in vector II. TAXONOMIC CONCLUSIONS. In his description of the subspecies Pappogeomys castanops simulans, Russell (1968:657) stated that "the name simulans is proposed for those populations inhabiting the western limits of the rolling prairie at lower elevations east of the cap-rock escarpment." The name perplanus was restricted to those populations of P. castanops that occur west of the caprock escarpment on the Llano Estacado. In reviewing Russell's list of specimens examined, all records were from localities above the escarpment on the Llano Estacado proper, with the exception of two specimens collected from Dawson Co. (10 mi E Lamesa). The type specimen of P. c. simulans (from Washburn, Armstrong Co.) was not obtained on the rolling plains as stated, but rather was trapped above the escarpment (Blair 1954:246) . Thus the caprock escarpment, which might be assumed to serve as a barrier to gene flow between the two subspecies, does not divide the populations in question. The only pocket gopher occurring to the east of the caprock is Geomys bursarius.
Samples of P. castanops from western and eastern limits of the Llano Estacado have been shown not to differ significantly. Russell (1968:657) stated that specimens assigned to simulans measured significantly smaller than perplanus. We found, in contrast, that samples from the middle and eastern portions of the Llano Estacado tend to average slightly larger in size than samples from the west. However, males and females from Floyd Co. and Hale Co. (sample 5) and females from Glasscock Co. (sample 12) average as small in most measurements as do samples from western portions of the Llano Estacado. Multivariate analyses also show no meaningful geographic groupings of samples by the characters we utilized; rather variation among samples appears to represent clinal, interdemal variation. Russell (1968:630 ) noted a lack of clinal variation between subspecies of Pappogeomys castanops and suggested that this was due to restricted gene flow between peripheral populations of adjacent subspecies. He also stated that contiguous populations representing subspecies are uniform, and that the transition between them is abrupt. An abrupt transition is not evident between western and eastern samples of P. castanops on the Llano Estacada. Therefore, we propose that the name P. c. simulans be placed as a junior synonym of P. c.
perplanus.
Females representing sample 12 are distinctly smaller than those of other samples in a number of measurements and fallout separately in several tests. The males from this sample are smaller than those to the north (7, 8, 10, 11) but are generally larger than those to the west. These gophers may represent intergrates between subspecies recognized in this study (P. c. perplanus) and a smaller subspecies, P. c. angusticeps, located farther to the south.
